Abstract. Three-dimensional classification of stars based on their seven-color CCD photometry in the Vilnius system has been succesfully applied to study the small scale structure of interstellar dust clouds. In the present paper the statistical equations of Münch are modified and applied to stars located beyond the galactic absorbing layer. This particular use of Miinch's statistics and the properties of CCD photometry in the Vilnius system offer a better possibility of probing the small scale structure of interstellar medium outside of the solar vicinity. This new technique and the first results are discussed.
INTRODUCTION
At the end of the seventies and in the eighties, detailed studies of the cloudy structure of interstellar dust, with reference to the small clouds described in the so-called Ambartsumian model, have been performed by Knude (1979a) . He investigated these clouds by accurate reddening measurements for stars with known distance. The general requirements, that must be fulfilled as much as possible, in this kind of investigation are : (a) accurate photometry, (b) a relatively good angular resolution and (c) high space density of the stars used for probing the interstellar medium. The space distribution of color excesses of the stars can be studied statistically with a view of deriving the physical parameters of a single cloud and the frequency of clouds in interstellar space.
OBSERVATIONS
A list of transparent areas at low galactic latitudes has been recently suggested for observations by Straizys and Philip (1994) . From this list, three areas have been selected: two of them are near the globular cluster M 56 and the third one is in the direction of the globular cluster M 71, in both cases a few arcmin away from the cluster center. The observations, using the Vilnius seven color photometry, were obtained on the 0.9 m telescope of the Kitt Peak National Observatory with a CCD direct imaging camera having a field of view of 33 square arcmin (Boyle et al. 1990a,b) .
A photometric classification of more than 150 stars was carried out using the Automated Stellar Classification Access and Reporting (ASCAR) software package of the Astronomical Institute of the Rome University "La Sapienza". The spectral type, absolute magnitude, distance and color excess have been determined for each star. The reddening, as a function of the distance, for the three areas and their relative errors have been determined by Smriglio et al. (1991) and Boyle et al. (1992) . The dispersion of the reddening values in each area is significantly larger than the photometric errors. This suggests that the dispersion could be caused mainly by the cloudy structure of interstellar dust. Bearing in mind this observational evidence, a statistical analysis has been applied to find out information on single cloud physical parameters and on space distribution of the clouds (Smriglio et al. 1994 (Smriglio et al. , 1995 .
STATISTICAL ANALYSIS
The statistical approach, based on the idea promoted by Ambartsumian and Gordeladse (1938) , has been further developed by Münch (1952) and Sheffler (1966) . It has been applied in a number of selected areas by Knude (1979a) . This method can provide the two parameters: eo, the reddening of a single cloud, and u, the number of such clouds per unit distance. The formulae deduced by Münch are the following:
and
where eo is the color excess of a single cloud, M\ is the mean value of Eß-Vi M2 is the mean value of Eg_ v of stars in a distance interval, r is the average distance of stars in the distance interval, 8r is the width of the distance interval, [(¿>r/r) 2 /12] is a correction for the finite size of the interval and u is the frequency of clouds (number of clouds per unit distance).
Eqs. (1) and (2) must be applied to a sample of stars which are located in the same volume of space where the interstellar dust clouds are distributed. As pointed out by Knude, the ideal situation would be attained when the correction term is very small, i.e. when 8r -> 0. Smriglio et al. (1994) , by imposing this condition to Eqs. (1) and (2), derive the following:
This simplified version of Münch's equations can be applied only in a very particular situation which will be discussed in the next section. There we describe specific possibilities for studying the small-scale structure of interstellar medium. As a small-scale structure, we indicate the clouds with sizes of the order of 1 pc or smaller.
RESULTS
A photometric investigation in the uvby system in a number of galactic areas has been performed by Knude (1979a) by applying the classical Münch Eqs. (1) and (2) to late A and early F type stars. The stars used to derive the reddening and its location in space are distributed in the volume up to 400 pc distace. This insures the required accuracy in deriving both the reddening and distances. The average reddening of a single cloud in the solar vicinity and the frequency of clouds turn out to be: ef,-y = 0.037 ± 0.002 mag and u = 7 ± 3 cloud kpc -1 . As explained in Section 2, Smriglio et al. (1994 Smriglio et al. ( , 1995 have applied the statistical Münch equations to samples of stars of various spectral types observed in three low latitude galactic areas. The
From Eqs. (3) and (4) we can also derive
primary intention of our group was to study the interstellar reddening in the direction of the globular clusters M 56 and M 71 using photoelectric and CCD photometry of the field stars in the Vilnius system (Smriglio et al. 1991 , Boyle et al. 1992 . This system gives a photometric classification of stars of any spectral type and luminosity class in presence of interstellar reddening. In the above papers, spectral classes, luminosities, interstellar reddening and distances of field stars have been determined up to more than 2 kpc. At the same time, this material appeared to be appropriate to investigate the properties of the Ambartsumian-type clouds using the same method as Knude. The spatial distribution of the reddening can be studied in these directions by Eqs. (1) and (2) up to 1.3 kpc distances.
The values of the cloud parameters found in each area are listed in Table 1 , where the single cloud reddenings have been converted from ββ-ν of the UBVsystem to e^-y of the uvby system for a comparison with the Knude results. For this transformation, the ratio EB-V/EB-Y = 1.22 has been used (Straizys 1992) . A full account of this analysis has been published in Smriglio et al. (1994, 1.995) . The results are in a fairly good agreement, within the errors, with the results obtained by Knude. Table 1 . Reddening of a single cloud and the number of clouds per kpc determined by Smriglio et al. (1994 Smriglio et al. ( , 1995 Area e b-y V M71 0.04 ± 0.01 7 ± 3 Lyra North 0.03 ± 0.01 9 ± 2 Lyra South 0.02 ± 0.01 10 ± 3
Due to the faint limiting magnitude and to the classification possibilities offered by the Vilnius photometric system, a number of stars, located beyond the galactic absorbing layer, have been also classified with good accuracy. This result has given us the opportunity to use this sample of stars for determining the cloud features and their space distribution using Eqs. (3) and (4). As it is pointed out in Section 3, the ideal case in this statistics is achieved when one assumes 6r -0 in Eqs. (1) and (2), but this would require a very large number of stars to assure that each cloud should be penetrated by several lines of sight.
Since the reddening of stars, located outside the absorbing layer, no longer depends on the distance, all these stars can be used for the statistics, assuming that they are all located at the absorbing layer boundary. The modified Münch equations can be used, now with r as the distance of this boundary. The results are shown in Table 2 . Table 2 . Reddening of a single cloud and the total number of clouds determined in the present paper by using the stars located outside the absorbing dust layer In this particular application one can determine, besides e¿,_j,, the total number of clouds vr. The determination of the frequency ν in this case requires the knowledge of the boundary distance r of the absorbing layer in the observed directions. For instance, r can be calculated using the ν values determined in the classical way by applying the Münch equations to intervals located within the absorbing layer. The values in Table 2 are very consistent within the errors with the results obtained by Knude.
DISCUSSION
For a final discusssion, we have to bear in mind that we are dealing with a sample of stars with known distance and reddening, all located beyond the galactic absorbing layer and confined in a small solid angle. This sample can easily contain from thirty or forty to several hundred objects, all appearing in a small surface area observed when a CCD camera is used. In this geometric situation and using the Vilnius photometric system, the following main advantages are achieved:
(a) Long sampling lines are used. This condition is necessary because the Ambartsumian-type clouds are supposed to produce only small reddenings and such long lines give a possibility to obtain significant accumulated effects. The possible contribution from intercloud matter is of the order of 0.01 mag kpc -1 (Knude 1979b ), which appears to be of the same order as the photometric errors. In this case, the model considered here is based on the classical assumption that the reddening primarily takes place in separate small clouds.
(b) The spatial resolution of a data sample, used for finding such small clouds, is a very crucial parameter. In the present case, the possibility of using all the stars observed in the volume outside the dust layers, assuming for them a common distance of the boundary of the dust layer, provides easily a sufficient number of stars for a reliable statistics. This permits us to achieve an excellent resolution power. In fact, the average angle between two lines of sight of two contiguous stars can be easily less than 1 arcmin and a relatively small cloud of 1 parsec size can be detected up to the limit distance of the galactic absorbing layer. This assures that many lines of sight penetrate the cloud when present.
(c) It is well known that the accuracy of CCD photometry and the properties of the Vilnius photometric system permit one to classify stars of any spectral type, in presence of interstellar reddening, up to a certain magnitude, which depends on the photometric errors. For this reason, all the observed stars can be included in the sample without any selection of a particular spectral type. This allows us to increase the number of stars of the sample and to achieve the required high volume density. The use of the Vilnius system, whose reddening-free Q parameters are calculated assuming a normal reddening law, implies that the same assumption is automatically accepted in the observed volume of interstellar space. The constancy of the interstellar reddening law in small low density dust clouds seems to be generally accepted.
(d) In the modified version of Münch's equations one can also notice that in Eq. (3), used for calculating eo, the term used for correcting for the finite size of the distance interval and containing the distance r, is no longer present. Considering that the error in the distance determination is of the order of 15 % to 30 %, this fact can contribute to the accuracy of the reddening determination of a single cloud. In Eq. (4), r has a different meaning in comparison with the classical Eqs. (1) and (2). In fact, it represents distance of the boundary of the absorbing layer. Also the term i/r, i.e. the total number of clouds up to this limit, is not influenced by the distance error. For determining the frequency u, this limiting distance must be estimated in an independent way.
CONCLUSION
CCD observations in the Vilnius photometric system and the application of the statistical Münch equations in a modified version, provide ideal conditions for determining physical parameters and space distribution of interstellar dust clouds to distances of some kiloparsecs. Due to a possibility of classifying stars of any spectral type in presence of interstellar reddening at large distances, it is possible to obtain a sample of stars located at distances larger than the limiting distance of the galactic absorbing layer. This sample of stars can represent distribution of color excesses with a very good angular resolution. This method can be considered important for determination of parameters of interstellar clouds far from the solar vicinity.
Our preliminary results support the existence of a population of clouds smaller than 1 pc and we intend to continue this investigation with increased statistical accuracy in other relatively transparent galactic regions.
A possible existence of such small çlouds proposes again the question, already raised by Knude: are we observing smaller components of the cloudy structure of interstellar medium or perceiving the "microstructure" of the intercloud medium? And also it is a matter of necessity to ask oneself, to which extent this probable structure could be simulated by the influence of the observational errors.
